Abstract Joint effects of climate warming and other stressors are potentially complex and difficult to predict. In stream ecosystems, exotic riparian species have the potential to alter leaf-shredding detritivorous invertebrate assemblages and leaf litter breakdown due to differences in the quality of litter inputs. This is the case for Eucalyptus plantations, which are widespread, occurring along riparian corridors of streams around the world. We hypothesised that the presence of Eucalyptus globulus (Labill.) litter (1) impairs detritivore fitness both directly (i.e., through leaf consumption) and indirectly (i.e., through leaf leachates in the water) and (2) impairs litter breakdown, (3) with stronger effects at higher temperatures. We tested these hypotheses in microcosm experiments with two detritivore species from two locations: the stonefly Diamphipnosis samali (Illies, 1960) in Chile and the caddisfly Calamoceras marsupus (Brauer 1865) in Spain. Eucalyptus leaves affected detritivore growth mainly by direct consumption, while the presence of both Eucalyptus leaves and leachates inhibited the breakdown of native litter. When both litter types were available, breakdown of Eucalyptus leaves was enhanced, possibly as a means of compensatory feeding. Increased temperature exacerbated the negative effect of Eucalyptus on native litter breakdown, possibly because it reduced detritivore survival. Our results add to the mounting evidence that joint effects of multiple stressors can be non-additive, and suggest that the sole presence of Eucalyptus leaves and leachates in the water may impact 
stream communities and ecosystem functions even if native

Introduction
Climate change predictions suggest an air temperature increase of 1.1-6.4°C by the end of this century (IPCC 2007) , and there is growing evidence that this increase will cause biodiversity losses and impair ecosystem functioning in terrestrial and aquatic habitats (Parmesan 2006) . Climate warming may be accompanied by changes in other stressors such as eutrophication (Woodward et al. 2012) , increased UV radiation (Hader et al. 2011) , reduced flow conditions (Dewson et al. 2007 ), or species introductions or invasions (Rahel and Olden 2008) . There is consensus about the necessity to consider the joint effects of multiple stressors on organisms and ecosystems, because adapting to certain stressors may increase sensitivity to others (Kashian et al. 2007) , and the joint action of stressors may have complex, non-additive or synergistic effects on organisms and ecosystems (Folt et al. 1999) .
Freshwater ecosystems contribute disproportionately to global species richness, and their species extinction rates are among the greatest on the planet (Ricciardi and Rasmussen 1999; Dudgeon et al. 2006; Ormerod et al. 2010) . Climate change can affect freshwater organisms and ecosystems mainly through changes in water temperature and hydrology (Woodward et al. 2010) . However, information on ecological effects of climate change in freshwater ecosystems is relatively scarce compared to other ecosystems, particularly with respect to the interaction between climate change and other stressors (Durance and Ormerod 2007; Piggott et al. 2012) . There is evidence of synergistic effects of increased water temperature and enhanced nutrient levels on key ecological processes (e.g. Ferreira and Chauvet 2011) , but interactions between temperature and exotic species, and their combined effects on freshwater biota and ecosystem functions, are mostly unknown.
Exotic riparian species are replacing native vegetation around the world, potentially altering stream ecosystem functioning and benthic invertebrate assemblages through the input of allochthonous leaf litter-often of different nutritional quality-to the stream (Boyero et al. 2012) . In different areas of the world, including several Mediterranean regions (e.g., the Iberian Peninsula, Chile, California), vast areas of deciduous forests have been converted into evergreen Eucalyptus globulus (Labill.) plantations, which are profitable for the paper industry (Graça et al. 2002; Ferreira et al. 2006 ). This replacement affects stream ecosystems through changes in litterfall timing, quantity, quality and hence breakdown rates (Pozo et al. 1998) .
Eucalyptus leaves have low nutrient content (Ferreira et al. 2006 ), a thick and waxy cuticule that retards their microbial colonization (Canhoto and Graça 1999) , and high content of essential oils, polyphenols and tannins which impair microbial degradation (Abelho and Graça 1996; Graça et al. 2002) . Some leaf-shredding detritivores are unable to grow when fed exclusively on Eucalyptus leaves, mostly because of the oils and polyphenols that these leaves contain (Canhoto and Graça 1995; Graça et al. 2002) . Moreover, Eucalyptus leaf leachates in the water could potentially affect detritivore fitness, even when these organisms do not directly feed on Eucalyptus leaves (Canhoto and Laranjeira 2007) . This prediction, which remains untested, is important because Eucalyptus plantations could negatively affect stream communities and ecosystem functioning even if riparian strips of native species were maintained (Abelho and Graça 1996) .
Here we examined the joint effects of temperature and Eucalyptus leaves and leachates on stream detritivore fitness (survival, growth and lipid content) and on litter breakdown. We hypothesised that the presence of Eucalyptus litter (1) impairs detritivore fitness both directly (i.e., through leaf consumption) and indirectly (i.e., through leaf leachates in the water) and (2) impairs litter breakdown, (3) with stronger effects at higher temperatures. We tested these hypotheses in microcosm experiments in two areas, central Chile and southern Spain. In these countries, E. globulus plantations are widespread and known to supply streams with leaf litter (Graça et al. 2002; Mancilla et al. 2009 ).
Materials and methods
Leaf and detritivore collection
We collected the detritivores and leaf litter at the Estero Nonguén stream (Reserva Nacional Nonguén, central Chile) in July 2012, and the Canuto de Valdeinfierno stream (Los Alcornocales Natural Park, southern Spain) in November 2012 (Table 1) . Both streams flow through extensive areas planted with the exotic E. globulus, but they maintain a riparian strip composed of native plant species. We collected leaves of the dominant native species Nothofagus obliqua (Mirb.) Oerst. (Chile) and Alnus glutinosa (L.) Gaertn. (Spain) from the riparian vegetation, and E. globulus leaves from nearby areas. Leaves of both native species have higher quality than E. globulus leaves as indicated by their lower C:N ratios (A. glutinosa: 15, N. obliqua: 52; E. globulus: 74) (Vivanco and Austin 2008; Perez et al. 2014 ) and the presence of oils, polyphenols and tannins in E. globulus leaves (Graça et al. 2002) . Leaves were collected from the tree in Chile (as there were no abscised leaves at the time of collection) and freshly abscised from the ground in Spain.
The detritivore species used were the dominant leafshredding detritivores at the sampling sites and nearby sites not affected by Eucalyptus plantations: the stonefly Diamphipnosis samali Illies (Plecoptera:Diamphipnoidae) in Chile and the caddisfly Calamoceras marsupus Brauer (Trichoptera:Calamoceratidae) in Spain (hereafter Diamphipnosis and Calamoceras, respectively). Stoneflies were collected from natural leaf litter packs using 250-lm mesh Surber and hand-net samplers, and caddisflies were taken manually from the stream substrate. In both cases, they were taken to the laboratory in aerated containers that were kept cool within ice chests.
Experimental manipulations
Detritivores were acclimated for 48 h in containers with stream water kept at stream temperature at the time of collection (8 and 13°C in Chile and Spain, respectively); they were then wet weighed and introduced in the experimental containers (see below). Caddisflies were gently pushed out of their cases before weighing, using a pair of soft entomological forceps, and then put back in their cases. This procedure did not cause any mortality. Leaf discs (12 mm diameter) were cut using a cork borer, air dried to constant weight and weighed.
Both experiments used the following leaf treatments: native leaves only (N); Eucalyptus leaves only (E); both native and Eucalyptus leaves (N ? E); and native leaves plus Eucalyptus leaves enclosed in 55-lm mesh bags, so only native leaves were available for detritivores but the water contained Eucalyptus leachates (N ? EL). Each replicate had six leaf discs available for detritivores, which were either of the same species (6N or 6E) or both species (3N ? 3E); treatment N ? EL contained six discs of the native species plus three discs of Eucalyptus enclosed in the mesh bags. Total leaf dry mass initially available for detritivores was 0.26 mg ± 0.08 SD in Chile and 0.22 mg ± 0.02 SD in Spain.
In Chile, we ran the experiment in two large polystyrene containers (95 9 50 9 25 cm), which were half filled with tap water and kept at different temperatures (8 and 15°C). The low temperature treatment was chosen because it was the stream temperature at the time of collection as well as the mean stream temperature at the month of collection, and the high temperature treatment was chosen because it was the mean stream temperature at the hottest month; a 7°C temperature increase is only slightly above the likely temperature increase range predicted for this century under climate change scenario A1FI (IPCC 2007) . Room temperature was set so water in one container was kept at 8°C, and the other was warmed up to 15°C using aquarium heaters. In each container we introduced 32 glass jars containing 110 mL of filtered (0.45 lm) stream water, the leaf discs, and one stonefly. Each combination of leaf litter and temperature was thus replicated 8 times. A 55-lm mesh net on the top was used to preclude emerging adults from escaping. Oxygen levels were kept high within jars using aquarium pumps and 5-mm diameter tubing.
In Spain, we ran the experiment in eight 100 9 11 9 6 cm PVC channels filled with dechlorinated tap water (80 %) and stream water (20 %) which had been mixed 1 week before the beginning of the experiment. Water flowed from the channel into a downstream container, from which it was returned to the upstream end of the channel through plastic tubing using a pump. The two temperature treatments in this case were 13°C (the stream temperature at the time of collection and the mean stream temperature at the month of collection) and 18°C (the mean stream temperature at the hottest month); a 5°C temperature increase falls within the upper confidence interval of the A2 scenario within IPCC (2007). Room temperature was set to maintain water temperature at 13°C, and each channel was assigned to either low (13°C) or high (18°C) temperature treatments; the latter were provided with an aquarium heater in the downstream container, set to maintain water temperature at 18°C. Each channel was also assigned to a certain leaf treatment. Channels were divided into nine sections by 0.5-mm mesh, and each section (replicate) was provided with the leaf discs and one caddisfly. The tops of the channels were covered with plastic sheets to prevent emerging adults from escaping. Sections within each channel were considered independent because animals and leaf material did not pass through the mesh in any case, temperature was constant across the channels, and flow was very low and constant across the channels. In Spain, we set up four additional channels that contained leaf discs within each section but no caddisflies, to control for microbial decomposition. Each channel contained either Alnus or Eucalyptus leaf discs (0.21 ± 0.01 SD mg per section) and was maintained at either 13 or 18°C, so that we had nine replicates (sections) of each combination of treatments. We used the Eucalyptus leaf discs within mesh bags in the N ? EL treatments as additional controls for microbial decomposition, both in Chile and Spain. We did not have controls for microbial decomposition of Nothofagus in Chile.
Note that, although we used summer temperatures (high temperature treatment) and detritivores were collected in fall/winter, both detritivore species occur all year round (Feio et al. 2005 ; FJ Correa-Araneda, pers. obs.). A natural photoperiod of 10:14 h of light:dark was maintained throughout the duration of both experiments. Every 48 h we monitored water temperature and oxygen levels and collected any dead animals, which were kept in 70 % ethanol. No insects emerged during the experiments. The experiments were terminated after 35 days (Chile) or 10 days (Spain), when [50 % of all leaf material had been lost in some treatments; treatments with the lowest breakdown rates had lost 3 % of leaf material in Chile and 7 % in Spain. Leaf discs were oven dried at 60°C for 48 h and weighed. All detritivores were kept in 70 % ethanol and wet weighed. Ten extra individuals of each species (not used in the experiments) were used to calculate a relationship between wet mass (individuals that were just collected in the field and uncased) and dry mass (individuals that were uncased and dried at 60°C for 48 h); this relationship was used to estimate initial detritivore dry mass. Another ten individuals of each species were used to calculate a relationship between wet mass of individuals kept in ethanol for 48 h and dry mass; this relationship was used to estimate final detritivore dry mass.
Lipid content analysis
A random subsample of three detritivore individuals per treatment combination was ground using a mortar and pestle, and analysed for lipid contents following Folch et al. (1957) . Each sample was homogenized in chloroform:methanol (2:1) for 5 min. The lipid fraction was separated by centrifugation, and the total lipid content was calculated gravimetrically once the solvent (chloroform) was completely evaporated from the lipid fraction. Lipids were dissolved in toluene and methyl esters obtained from fatty acids (FAMES) by transesterification with sulfuric acid (1 %) in methanol (Christie 2003) . The reaction was held at 50°C for 16 h in darkness and molecular nitrogen. The methyl esters were extracted with hexane:diethyl ether (1:1 v/v), washed with KHCO 3 solution (2 % w/v) and purified on a column Sep-pack NH 2 (Waters, Milford, Massachusetts, USA) with hexane as a diluent. FAMES were separated by gas chromatography using helium as carrier gas provided with a BPX70 column (70 % cyanopropyl polysilphenylene-siloxane) 60 m 9 0.25 mm (SGE Analytical Science). The initial column temperature was 140°C for 10 min, then was increased to 240°C at 2.5°C min -1 and finally maintained at 240°C for 10 min. The FAMES detection was performed using a flame detector and the peaks were identified with a standard pattern of FAMES.
Data analysis
We examined differences among treatments in several variables: (1) detritivore survival: quantified as the proportion of detritivores that were alive at the end of each week (only for stoneflies, as no caddisflies died during the experiment); (2) detritivore growth rate: quantified as (FDM-IDM)/IDM, where FDM and IDM are the final and initial detritivore dry mass in mg, respectively, divided by the number of days of the experiment; (3) detritivore lipid content: quantified as lipid absolute (mg) and relative content (i.e., proportion of body mass made of lipids); and (4) litter breakdown rate: quantified as (FLM-ILM)/ILM, where FLM and ILM are the final and initial leaf dry mass in mg, respectively, divided by the number of days of the experiment.
Differences in stonefly survival among leaf treatments and temperatures were examined separately with Pearson's Chi-square tests on the untransformed proportion of detritivores alive at weeks 1-5. When results were significant, we further compared each pair of treatments separately. Differences in detritivore growth rate (mg day -1 ), detritivore absolute lipid contents (mg), arcsin square roottransformed detritivore relative lipid contents, and litter breakdown rate (mg day -1 ), were examined among leaf treatments and between temperatures with two-way ANOVAs followed by post hoc Tukey tests. The leaf treatments compared were as follows: detritivore growth and lipid contents were compared among all treatments (N vs. E vs. N ? E vs. N ? EL); litter breakdown was examined separately for native leaves (N vs. N ? E vs. N ? EL), Eucalyptus leaves (E vs. N ? E), and native vs. Eucalyptus leaves in single-species treatments (N vs. E). ANOVAs were used to compare (1) breakdown rate in controls without detritivores in Spain: two-way ANOVA with temperature and leaf treatments (Alnus vs. Eucalyptus) as factors; and (2) breakdown rate in Eucalyptus leaf discs within mesh bags: one-way ANOVA with temperature as factor. Finally, we examined any potential effect of detritivore initial biomass and survival on native and Eucalyptus litter breakdown rates, as well as any potential relationship between detritivore survival and growth, by means of linear regression; for this analysis survival was quantified as the week (from 1 to 5) each detritivore was last observed alive.
Results
In Chile, survival of Diamphipnosis differed among leaf treatments in every observation (weeks 1-5), being always highest in the N treatment, and among temperature treatments in weeks 4 and 5, being higher at 8°C than 15°C (Table 2 ; Fig. 1 ). In Spain, survival of Calamoceras was 100 % in all cases. Detritivore growth rate differed among leaf treatments both in Chile (N [ E; F 3,56 = 3.41, p = 0.024) and Spain (N, N ? E, N ? EL [ E; F 3,60 = 4.08, p = 0.010), but not between temperatures, and the interaction between both factors was not significant in any case (Table S1 ; Fig. 2 ). Detritivore lipid contents did not differ between leaf or temperature treatments in any of the experiments (Table S2) .
In Chile, breakdown rate of the native Nothofagus differed between temperatures, but this difference occurred only within the N treatment, as shown by the significant leaf treatment 9 temperature interaction (F 2,42 = 10.57, p = 0.0002; Table S3 ; Fig. 3 ). Breakdown was faster at 8°C than 12°C (F 1,42 = 5.88, p = 0.020) and, although variation among leaf treatments was not significant (F 2,42 = 3.10, p = 0.056), there seemed to be a trend towards faster breakdown in the N treatment. In singlespecies treatments, breakdown rate differed between Nothofagus and Eucalyptus leaves but this difference depended on temperature: breakdown was faster in Nothofagus than Eucalyptus at 8°C, while the opposite was true at 15°C (F 1,28 = 23.98, p \ 0.0001; Fig. 3 ; Table S3 ).
In Spain, breakdown rate of the native Alnus differed among leaf treatments (N, N ? EL [ N ? E; F 2,48 = 6.38, p = 0.004) but not between temperature treatments (Table S3 ; Fig. 3 ). There were no differences in Eucalyptus breakdown rate among leaf or temperature treatments in Spain, and none of the interactions were significant ( Fig. 3; Table S3 ). In single-species treatments, breakdown was faster for Alnus than for Eucalyptus (F 1,32 = 39.53, p \ 0.0001 ; Fig. 3) ; there were no differences between temperatures, and the interaction was not significant (Table S3) .
In control channels in Spain, litter breakdown was faster for Eucalyptus than for Alnus leaf discs (F 1,32 = 10.13, p = 0.003), but there were no differences between temperatures and the interaction was not significant (Table S4) . Breakdown rate of Eucalyptus leaf discs within mesh bags did not vary between temperature treatments in Chile or Spain (Table S4 ). There was a significant but weak positive relationship between initial biomass of caddisflies and Alnus litter breakdown rate (r 2 = 0.08, p = 0.033), and between stonefly survival and Nothofagus breakdown rate (r 2 = 0.18, p = 0.003), while Eucalyptus breakdown rates were not affected by detritivore initial biomass or survival. There was no relationship between stonefly survival and growth (r 2 = 0.03, p = 0.14). Leaf treatments: N = native leaves only; E = Eucalyptus leaves only; N ? E = native and Eucalyptus leaves; N ? EL = native leaves and water with Eucalyptus leachates Joint stressor effects on litter breakdown 201
Discussion
Our study is among the first demonstrating that multiple stressors (in this case, increased temperature and the presence of exotic Eucalyptus leaves or leachates) can have complex and non-additive joint effects on litter breakdown, a key stream ecosystem process (see also Ferreira and Chauvet 2011) . In contrast, detritivore fitness was only affected by single stressors, with no interactive effects arising in our experiments. We first predicted that detritivore fitness would be impaired by the presence of Eucalyptus litter through direct consumption, but also through their leachates in the water (hypothesis 1). In fact, both Eucalyptus leaves and leachates reduced survival of the stonefly Diamphipnosis in Chile. This result is consistent with other studies suggesting that Eucalyptus leaves are a low quality resource for leaf-shredding detritivores (reviewed by Graça et al. 2002) and that high concentrations of leachates have the capability to affect invertebrate survival (Canhoto and Laranjeira 2007) . In contrast to Diamphipnosis, survival of the caddisfly Calamoceras in our experiment was 100 %, not being affected by the presence of Eucalyptus leaves or leachates. This result should be taken with caution due to the short experimental time in this case (10 days), which was chosen based on the remaining leaf material but may not have been sufficient to observe deleterious effects on this detritivore species, although up to 75 % of individuals of Diamphipnosis per treatment had died by day 10.
Growth rates of both detritivore species were affected by direct consumption of Eucalyptus leaves, but not by the presence of leachates. Growth rates of Diamphipnosis and Fig. 1 Proportion of live individuals of Diamphipnosis samali (Chile) for each leaf treatment (see Table 2 legend for leaf treatment definitions) and temperature during the experiment (5 weeks)
Calamoceras larvae were 2.5 and 8 times greater, respectively, when fed native leaves only than when fed Eucalyptus leaves only. Canhoto and Graça (1995) also reported high growth rates of Tipula lateralis fed Alnus but no growth in specimens fed Eucalyptus, which led to 100 % mortality. As we observed larvae feeding on Eucalyptus leaves during the experiments, reduced growth was likely due to the lower nutritional quality of Eucalyptus leaves compared to native leaves. Eucalyptus leaves have higher C:N ratios than the other species, a thick cuticle, and oils that can be toxic for invertebrates (Graça et al. 2002) . In contrast, the presence of Eucalyptus leaves or leachates, provided that native leaves were available, had no significant effect on the growth rate of any of the detritivores, suggesting that leachates do not interfere with the nutritional value of other leaves. It is noteworthy, however, that Eucalyptus leachates increased mortality of Diampinopsis but did not affect its growth rate, suggesting that leachates may affect vital functions other than growth. We did not find differences in detritivore lipid contents depending on whether they fed on native or Eucalyptus leaves, or depending on the presence of leachates. Other studies have shown that detritivore lipid contents do not vary significantly depending on nutrient ingestion (Pearson and Connolly 2000) . This suggests that lower growth rates when fed on Eucalyptus leaves are at the expense of different body tissues, not only lipids.
We found support for our hypothesis 2, which predicted that litter breakdown is slowed down when Eucalyptus leaves or leachates are present. This may occur for various reasons. Firstly, if native leaves are replaced by Eucalyptus leaves, total litter breakdown rates are most likely reduced because the latter break down more slowly in the presence of detritivore consumers. In single-species leaf treatments in Spain, Alnus leaves decomposed 1.8 times faster than Eucalyptus leaves, and a previous study showed even higher differences (3-fold) between these two species in the presence of the detritivorous cranefly Tipula lateralis (Canhoto and Graça 1995) , although another study showed Fig. 2 Growth rate (mg day -1 ± SE) of (a) Diamphipnosis samali (Chile) and (b) Calamoceras marsupus (Spain) for each leaf treatment (see Table 2 legend for leaf treatment definitions) and temperature. Same lowercase letters indicate no significant differences across leaf treatments (there were no differences across temperature treatments) Fig. 3 Litter breakdown rate (mg day -1 ± SE) of (I, III) native plant species and (II, IV) Eucalyptus for each leaf treatment (see Table 2 legend for leaf treatment definitions) and temperature in (I, II) Chile and (III, IV) Spain. Same lowercase and uppercase letters indicate no significant differences across leaf and temperature treatments, respectively Joint stressor effects on litter breakdown 203 similar breakdown rates for both species in the presence of the omnivorous shrimp Atyaephyra desmarestii (Duarte et al. 2011) . Secondly, Eucalyptus leachates could retard the breakdown of other species. In Chile, Nothofagus leaves lost mass 1.6 times faster when they were alone than when Eucalyptus leaves were present, and 1.5 faster than when Eucalyptus leachates only were present. Interestingly, at the same time, breakdown of Eucalyptus was 1.3 times higher in the presence of Nothofagus than in the single-species leaf treatment and, when leaves of both species were present, Eucalyptus lost mass 1.7 times faster than Nothofagus (note that, in controls with no detritivores in Spain, Eucalyptus lost mass 1.1 times faster than Alnus). These results suggest that Eucalyptus leachates inhibited consumption of Nothofagus and, at the same time, consumption of Eucalyptus leaves may have been enhanced as a means of compensatory feeding, as shown for other detritivores (Graça et al. 1993; Flores et al. 2014) . It is possible that detritivores used Eucalyptus leaves as an energy (carbon) source, but not for nutrient assimilation, as carbon and nutrients can come from different food sources (Stenroth et al. 2006) ; stable isotope studies could shed some light on these potential mechanisms. The lower breakdown of Nothofagus could also have been mediated by the lower detritivore survival in treatments with Eucalyptus, as survival and Nothofagus breakdown rate were directly related. Temperature and the presence of exotic litter can interact in their effects on litter breakdown, as predicted by hypothesis 3 and supported by our results in Chile. Leaves of the native Nothofagus broke down faster when no Eucalyptus leaves or leachates were present, but this difference only occurred at 8°C, perhaps in relation to the greater survival of detritivores at this temperature. At 15°C, breakdown of Nothofagus leaves was slower and similar regardless of the presence or absence or Eucalyptus leaves or leachates. Moreover, in single-species treatments, Nothofagus leaves broke down faster than those of Eucalyptus at 8°C, while at 15°C (where detritivore survival was lower) Eucalyptus broke down faster, as occurred in control channels (with no detritivores) in Spain. These results supported our hypothesis that increased temperature enhances the negative effects of Eucalyptus on native litter breakdown, and such interaction could be mediated by detritivores, because at higher temperatures mortality increases and thus detritivore control on litter breakdown is reduced, while microbial activity and/or leaching of Eucalyptus litter possibly increase (although we found no effect of temperature on Eucalyptus breakdown in controls). Detritivores could become more sensitive to toxic substances at higher temperatures (Cairns et al. 1975) because of their expected accelerated metabolism rate (Brown et al. 2004 ) and because exposure to one stressor often leads to higher sensitivity to other stressors (Kashian et al. 2007 ). For example, Díaz-Villanueva et al. (2011) showed that larvae of Sericostoma vittatum fed poorquality leaves (including Eucalyptus) were more sensitive to increased temperatures than larvae fed high-quality leaves (including Alnus), with consequences on nutrient assimilation efficiencies and mass balances. Temperature may accelerate the leaching of oils and polyphenols in Eucalyptus leaves (see also Ferreira and Chauvet 2011) , as occurs with the leaching of organic carbon (Whitworth et al. 2014) . Other studies have demonstrated that microbial breakdown strongly depends on temperature (Boyero et al. 2011) , that such temperature effects can interact with those of other stressors , and that microorganisms are affected by the toxic oils and thick cuticle of Eucalyptus leaves (Graça et al. 2002) .
Our study adds to the mounting evidence that joint effects of multiple stressors can be non-additive and difficult to predict (Folt et al. 1999) . Although impacts of Eucalyptus plantations on streams are known to be lessened if a native riparian corridor is maintained (Abelho and Graça 1996; Graça et al. 2002; Molinero and Pozo 2004) , we have shown that the presence of Eucalyptus leaves and leachates in the water may still impact stream communities and ecosystem functions in this situation, and that these effects can be exacerbated by increased temperatures. We may thus expect that Eucalyptus plantations will cause further biodiversity loss and ecosystem impairment (Graça et al. 2002) as the climate warms. Future experiments should take into account temperature variability associated with future climate scenarios, as extreme temperatures are more likely to have ecological effects than changes in means alone (Thompson et al. 2013 ).
